Global threats to freshwater resources are prompting widespread concern about their management and implications for well-being. In recent decades, hydrologic ecosystem services (HES) have emerged as an innovative concept to evaluate freshwater resources, providing opportunity for researchers to engage in decision-relevant science. We conducted a systematic review of studies published within the last decade, documenting approaches for mapping and quantifying HES and classifying the decision context. To gauge the relevance of HES science, we evaluated 49 case studies using multiple criteria for credibility, legitimacy, and saliency. We found compelling evidence that much of the variability in the quantification of HES can be explained by research motivations and scoping, reflecting the decision-oriented framing of the ecosystem services concept. Our review highlights key knowledge gaps in the state of the science including the need to articulate beneficiaries and to make connections to policy and management more explicit. To strengthen the potential for impact of HES science, we provide recommendations to assist researchers, practitioners, and decision-makers in identifying goals, formulating relevant questions, and selecting informative approaches for quantifying HES. We argue that sustained progress in applying HES requires critical evaluation and careful framing to link science and practice.
Introduction
Interest from scientists in the concept of ecosystem goods and services (ES) has grown tremendously since the Millennium Ecosystem Assessment (MA) popularized the notion that ecosystems provide myriad benefits supporting human well-being (MA 2005) . The rise of ES science parallels the growing interest of actors in management and policy arenas to consider ES in their decisionmaking processesa trend that has been reflected, for example, by recent implementation of high-level policy directives in Europe (e.g., the Blueprint to Safeguard Europe's Water Resources; European Commission 2012) and in the United States (e.g., Incorporating Ecosystem Services into Federal Decision Making; Donovan et al. 2015) . The interface between ES science and decision-making is particularly evident in the realm of freshwater resources, where hydrologic ecosystem services (HES) such as water supply, flood mitigation, and sediment regulation are important objectives (Brauman et al. 2007; Allen 2012) . Demand for HES management is increasing, as evidenced at local levels by the proliferation of investments in watershed services (Bennett & Carroll 2014 ) and more broadly through Federal policy developments (e.g., United States' Principles and Requirements for Federal Investment in Water Resources; CEQ 2013) . These contexts for management collectively orient the field of HES toward decision-making, establishing opportunities and a growing need for actionable science that can inform policy, planning, and management.
HES refer to the effects that terrestrial ecosystems have on freshwater (Brauman et al. 2007) . As such, a critical task for HES science is to understand how changes in the terrestrial environment (e.g., land use and land cover) and within river networks (e.g., dams) affect benefits that range from sediment retention to hydropower generation (Postel & Thompson 2005; Guswa et al. 2014) . A variety of methods have been used to quantify HES benefits (Brauman 2015) , and despite the availability of a substantial body of literature from which to draw inference, guidance for HES researchers to effectively engage in decision-relevant science is still evolving rapidly.
Recent reviews offer insight into the state of ES science more broadly. For example, Seppelt et al. (2011) examined 153 regional-scale studies, finding key methodological differences and limited use of validation procedures. Martinez-Harms and Balvanera (2012) reviewed 41 studies that mapped ES supply using social-ecological data and found that the quality of ES estimates varied substantially with method. Furthermore, they reported that the majority of studies did not validate results. Bagstad, Semmens, et al. (2013) compared ES-specific tools and methods for a test region, documenting technical differences and tradeoffs among approaches. Crossman et al. (2013) advanced a framework for organizing ES research and used it to review 113 studies and suggested that protocols are needed to reduce the uncertainty of ES quantification and to mainstream methods to inform policy decisions.
Two major findings emerge from these reviews. The first is that ES are not quantified using standardized methods, meaning that results obtained from different methods are generally not directly comparable. Furthermore, this situation limits opportunities to synthesize information across studies (Seppelt et al. 2011; Liss et al. 2013 ). These methodological inconsistencies have been recognized as potential setbacks for ES research (Seppelt et al. 2011; Crossman et al. 2013; Liss et al. 2013) . A second finding concerns the quality of published information. Methods are not equally credible, and in many cases, their estimates have not been tested against independent data despite known limitations of proxy data (Eigenbrod et al. 2010) .
A key challenge in operationalizing ES for decision-making relates to the diverse settings in which research is called upon to inform decisions. To have an impact, approaches to quantify ES must resonate with decision-makers whose needs vary with context (Ruckelshaus et al. 2013 ). However, the needs of decision-makers extend beyond quantifying and mapping ES and include qualities that have not received the same analysis in published ES reviews. For example, knowledge of the transparency of a study can be used to gauge its acceptability to stakeholders and decision-makers (McNie 2007; Nelson et al. 2009 ).
In contrast to our understanding of methods for analyzing ES, considerably less is known about contexts for ES research including the types of decisions for which studies have been implemented. A broader understanding of ES science that encompasses these types of social considerations as well as technical aspects is needed to better integrate science into decision-making (Rosenthal et al. 2015) . This would involve defining characteristic contexts for research and evaluating case studies within that framework.
The incorporation of ES criteria into a growing number of environmental policy and management settings provides an opportunity to evaluate advancements in the science and its application. Here, we aim to document the state of peer-reviewed ES science and to explore the characteristics of analyses conducted in different contexts for decision-making, focusing specifically on HES for their policy and management relevance. To more deeply investigate the use of disparate methods and variable information content identified in previous reviews within the context of decision-making, we addressed the following research questions: (1) What are the decisionmaking contexts represented in peer-reviewed HES research? and (2) How do analytical approaches used to quantify HES benefits and changes in HES flows relate to quality of information, and how does this vary among decision contexts? Based upon our findings, we advance a framework for linking science to decision-making for HES and provide new insights for researchers to expand the relevance of their work.
Literature review methodology
We identified peer-reviewed publications using an ISI Web of Science search on quantitative ES assessments published between 2003 and 2013. We found that 560 journal articles met our search criteria of a hydrology-themed title (water* OR hydro* OR freshwater OR flood* OR erosion OR multiple), ecosystem service topic (ecosystem service* OR ecological service*), and quantitative keywords (model* OR quantif* or map* OR valu* OR assess*).
From this initial body of articles, we selected relevant literature by sequentially excluding articles based on title, abstract, and body (Pullin & Stewart 2006) . We then reduced this set of articles by excluding studies that did not explicitly quantify 'the benefits people obtain from ecosystems' (i.e., ecosystem services) (MA 2005) and map at least one aspect of ES (i.e., ecological inputs, supply, and demand) . We focused on studies that used spatially explicit methods because maps are a critical tool for engaging stakeholders and communicating with decision-makers (Daily 2000; Naidoo & Ricketts 2006; Palomo et al. 2013) .
We retained only those articles that expressed results in terms of a benefit to people as opposed to a purely biophysical endpoint. For example, a study that reported the avoided delivery of sediment to a reservoir was considered to quantify HES because it demonstrates a potential benefit for reservoir operators (i.e., the beneficiary). Conversely, a study that strictly modeled soil loss without relating its consequences to beneficiaries was rejected.
This selection process yielded 49 peer-reviewed publications (Appendix A) that were subsequently reviewed in detail. We categorized each study according to two existing and complementary classification schemes. The first scheme used an ES decision framework that differentiates three contexts based on motivation: Understanding and Education, Cost-Benefit Analysis, or Landscape Management (Fisher et al. 2009 ). Because decisions on ES are often socially motivated, we consider studies that promote Understanding and Education to be relevant for decision-making due to their potential influence on the perceptions, attitudes, and beliefs of stakeholders and decision-makers who engage in decision processes (Ruckelshaus et al. 2013 ). The second scheme described the scope of each study in relation to three operational phases: assessment, planning, or management (Knight et al. 2006) . We then merged these two categorizations to define the 'decision context' that represents a study's broader rationale and scope of inquiry (Table 1) . These decision contexts are unique opportunities to ask policy questions, conduct analyses, engage with diverse decision-making audiences, and achieve distinct research goals (Maes et al. 2012) .
We reviewed each study and recorded information for the descriptive analysis. To satisfy stringent ES criteria and to avoid double counting of intermediate services (Ringold et al. 2013) , we classified hydrologic services based on their beneficial use (Brauman et al. 2007 ). In recognizing the complexity of water resources management, we considered two classes of water supply benefitsthose that are realized instream (in situ) and those that occur off-site (diverted ex situ).
Following other reviews, we considered five general categories of methods used to map and quantify ES: expert opinion, land cover proxy, empirical, conceptual water balance, and process-based (Seppelt et al. 2011; Martinez-Harms & Balvanera 2012; Crossman et al. 2013) . Expert opinion is a subjective method in which scientists use their knowledge and experience to derive estimates. Proxy methods build on relationships between ecosystem characteristics and the provisioning of ES benefits and are used to assign ES values to different land cover types (Martínez-Harms & Balvanera 2012). ES endpoints may also be estimated using empirical methods like Budyko curves for estimating long-term water balance (Zhang et al. 2008 ) that use statistical techniques to fit quantitative relationships between predictor variables and a response variable. Whereas process models are physically based and explicitly represent hydrologic processes (Sivapalan et al. 2011 ), conceptual methods for estimating water balance compartmentalize the hydrologic cycle into distinct precipitation, runoff, evapotranspiration, and storage components (Aghakouchak & Habib 2010) . In cases where the quantification of an HES involved multiple methods, we designated the primary method as that which most directly contributed to the estimate.
We extended this review to document additional aspects of an analysis that are independent of the method used but critical for decision-makingcollectively referred to as the 'approach'. To characterize how the information presented in each study pertains to the decision context, we documented analytical relevance using three established attributes: credibility, legitimacy, and saliency (Cash et al. 2002) . Credibility refers to the perceived quality of information, legitimacy describes transparency and comprehensibility, and saliency refers to the applicability of information to decision-making (Liu et al. 2008) .
We evaluated these three attributes using criteria we identified from within the ES literature (Table 2) . Credibility was evaluated against two standards of scientific rigor and a third criterion for ecological realism (i.e., spatial dynamics). HES benefits are modified by the way they flow through and interact with the landscape. For example, diversions and withdrawals affect water supply benefits that are realized downstream. To assess the credibility with which studies represented these spatial dynamics, we tallied the number of source, sink, flow, and use processes that were included in the method (Bagstad, Johnson, et al. 2013) . Values ranged between 1 and 4, with a score of 1 reserved for studies that accounted for source areas only. Studies that accounted for multiple processes were scored based on the number of processes represented (2 = source + one additional process, 3 = source + two additional processes, and 4 = all processes). We evaluated legitimacy against Table 1 . Contexts for HES research, organized by key motivations (from Fisher et al. 2009 ) and project scope (from Knight et al. 2006 two criteriaone that addressed analytical transparency based on methodological complexity and relative ease of interpretation and another regarding stakeholder involvement. We assessed methodological transparency as a function of complexity including data, resource, and time requirements (e.g., Martínez-Harms & Balvanera 2012), classifying methods as either transparent (score = 1) or not (score = 0) ( Table 2) . Saliency was evaluated through multiple features of ES studies whose importance is expected to vary based on context. Simple criteria were recorded as binary variables by assigning a value of 1 to indicate that a study fulfilled that criterion and 0 otherwise. We rescaled credibility scores from 0 to 1 to be consistent with other metrics. Scores were then aggregated as means or proportions of studies within each decision context, which became the metric for all comparisons.
Results
Peer-reviewed HES research (2003-2013) occurred globally with hotspots in China (15), Spain (6), and the United States (4). The scale of investigation varied considerably in spatial extent from site (<100 km 2 , 5) to local (100-1000 km 2 , 8), to regional (1000-100,000 km 2 , 27), to national (7), and to global (2).
3.1. What are the decision-making contexts represented in peer-reviewed HES research?
We identified multiple drivers of HES research based on our classification of primary study motivation. Of the 49 case studies considered, motivations were fairly evenly distributed: 20 were classified as Understanding and Education, 17 evaluated ES benefits in the context of Cost-Benefit Analysis, and 12 were motivated by Landscape Management aims ( Figure 1) . The distribution of studies by operational phases was more skewed with the majority of studies addressing questions characteristic of the Assessment (26) and Planning phases (21), and only two studies associated with the Management phase. HES related to diverted water supply benefits were most commonly assessed, accounting for 43% of all HES quantified, followed by water damage mitigation (40%) and in situ water supply (16%) ( Figure 2 ). Habitat supporting services accounted for 1% of quantified services, largely because most studies that focused on this supporting service did not state explicitly the service in terms of a benefit and were therefore rejected based upon our selection criteria. Of studies that investigated water damage mitigation services, 79% quantified sediment retention. Multiple HES were quantified in 22 studies, and of these studies, 12 assessed trade-offs among HES.
How do analytical approaches used to quantify HES benefits and changes in HES flows relate to quality of information, and how does this vary among decision contexts?
Because some studies investigated multiple services, quantifying each with a different method, we present results for each effort to quantify a service. Of the five classes considered here (expert opinion, land cover proxy, empirical, conceptual, and process-based; Table 2 ), empirical methods were utilized the most Table 2 . Criteria for evaluating the credibility, legitimacy, and saliency of case study approaches to map and quantify HES.
Attribute (Liu et al. 2008) Criteria (reference) Categories Description Credibility
Model evaluation (Seppelt et al. 2011) Yes (1) Accuracy assessed using independent data No (0) Accuracy of method untested Uncertainty assessment (Seppelt et al. 2011) Yes (1) Uncertainty of method quantified No (0) No uncertainty analysis Flow complexity (Bagstad, Johnson, et al. 2013) ( frequently (41). Process models (16), land cover proxy (14), and expert opinion (13) were similarly common. Conceptual methods were used less frequently (5). We also found associations between HES and the quantitative method used. For example, sediment regulation was typically modeled (in 18 of 26 cases) using an empirical method (the Universal Soil Loss Equation; Crossman et al. 2013) , whereas hydrological process models were used almost exclusively (in 7 of 8 cases) to quantify water supply benefits.
Approaches for quantifying HES differed in terms of credibility, legitimacy, and saliency when analyzed by case study motivation and scope of analysis ( Figure 3 ). Mean credibility scores were highest for Understanding and Education (0.47) and Cost-Benefit Analysis (0.46) and lowest for Landscape Management (0.38). Landscape Management, Understanding and Education, and Cost-Benefit Analysis ranked highest to lowest in terms of mean legitimacy scores but did not vary by a large margin (0.06). Attribute scores also varied by operational phase. For example, mean credibility scores were lowest for Assessment (0.33), moderate for Planning (0.48), and highest for Management (0.63).
Saliency criteria varied along two dimensions of the context (i.e., motivation and operational phase). Sliced by motivation, trade-offs were most frequently assessed in Landscape Management (55%) and Understanding and Education (51%). By operational phase, trade-offs were evaluated most frequently in the Planning phase (54%). Scenario analyses were most commonly conducted in the Management (100%) and Planning phase (92%). The highest flow complexity scores were observed in the Planning phase (mean = 0.51). The reporting of results in monetary units was most common among studies in the Cost-Benefit Analysis context, occurring in 70% of cases. Biophysical outputs and monetary outputs were reported in all three phases and motivations. Relative rankings were the least frequently used output.
Discussion
The studies we reviewed quantified HES to answer basic research questions, evaluate different forms of watershed investment, and inform management decisions. The vast majority of them (47) were exploratory in nature, focusing on baseline assessments and comparing alternatives in the planning phase, as opposed to prescribing specific treatments for management (two studies). (Fisher et al. 2009 ) and operational phase (Knight et al. 2006) . Counts reflect the number of studies in each decision context. . Approaches used to quantify hydrologic ecosystem services vary in terms of credibility (blues), legitimacy (purple), and saliency (green). These differences are visualized for distinct decision contexts with motivation classes organized by row and operational phases organized by column. We present results as the proportion of studies within each decision context that meet each criterion. In cases where a study analyzed multiple services, each effort to quantify a service served as the unit of analysis. The radial extent of each sector of the chart corresponds to this proportion and ranges between 0% and 100% (concentric circles represent 20% intervals).
Approaches to quantify HES and their relevance to decision-making
The approach to map and quantify HES varied in meaningful ways across decision contexts, indicating that there are preferential strategies for investigating HES depending on research motivations and scope of analysis. When we evaluated methods and analyses in relation to the decision context of each study, three patterns emerged: (1) the most Credible approaches were typically encountered in advanced operational phases (i.e., Planning and Management); (2) Legitimacy scores were generally greatest in the Planning phase with stakeholder involvement occurring most frequently where Landscape Management is the motivation; and (3) Salient information varied with context, but common ES analyses (e.g., trade-off and scenario analyses) were conducted during the Planning phase.
Our findings align with previous research that suggests that stakeholders are often incorporated into decision processes during the planning phase (Cowling et al. 2008 ) when transparent, legitimate information is most critical (Cash et al. 2002) . Likewise, we found that scenario analyses and tradeoff evaluations were most commonly conducted in the Planning phase. Typical research questions addressed during this stage of analysis involve comparing alternatives, making scenario, and trade-off analyses highly salient in this context. We acknowledge that the studies included in this analysis represent a snapshot in time of the decision process that may proceed through assessment, planning, and management phases and that our results likely reflect information demands of stakeholders and decisionmakers involved at a particular phase. Suitable levels of credibility, legitimacy, and saliency may vary throughout the policy process in response to evolving priorities that can be driven by alternative objectives and level of stakeholder engagement (e.g., Cash et al. 2002) .
Interestingly, we found that HES benefits were associated with particular methods. Such associations are likely the legacy of distinct research traditions and may further explain apparent methodological disparities that exist among studies. In contrast to our findings, a recent review (Nahuelhual et al. 2015) reported little correspondence between mapping purpose and methodological variables, but they considered all forms of ES rather than HES, which may account for some of the perceived difference.
We found that methods were rarely described in sufficient detail to permit independent replication. For example, methodological details, data sources, and validation procedures were often incompletely reported. This finding supports the concerns of Seppelt et al. (2011) and highlights the need to ensure that peer-reviewed studies include all methodological information, in the manuscript or in the Supplemental data, to meet acceptable scientific standards for transparency and replicability. Consistently reporting this information would advance the field in basic but essential ways that include providing an objective basis for evaluating the quality of research, as well as by setting objective benchmarks with which to compare studies and to establish best practices for ES research.
Ecosystem services are complex, arising when humans benefit from ecological processes (De Groot et al. 2002) . A critical feature of ES is the trade-off that occurs when efforts to manage for one service diminish others (Rodriguez et al. 2006) . For example, a common trade-off for water management occurs when decisions to capture diverted water supply benefits (e.g., irrigated agriculture) adversely affect instream benefits such as recreation and preservation of habitat (Auerbach et al. 2014) . Despite their potential value to decision-making, trade-off analyses were absent in roughly half of case studies that investigated multiple services.
As we have assessed here, study aims and scope are an appropriate lens for characterizing how relevant information varies across decision-making contexts, thereby influencing methodological considerations. However, we acknowledge that multiple factors shape how ES are quantified (Vigerstol & Aukema 2011; Bagstad, Semmens, et al. (2013) , Crossman et al. 2013) . For example, Martínez-Harms and Balvanera (2012) suggested that the use of more robust methods is increasingly constrained by the availability of appropriate data. They conclude that the use of proxy methods and expert opinion is appropriate in data-poor contexts and recommend that regression models be used in cases where primary data are available to produce the highest quality ES estimates. Without proper validation, however, it remains unclear how different methods compare in terms of reliability. To the extent that uncertainty and its acknowledgment influence the decision-making process, validation is likely to be an important step in understanding limitations of and establishing appropriate levels of confidence in modeled results (Ruckelshaus et al. 2013 ). Until models have thoroughly been validated, strategic monitoring offers a way to track outcomes (Brauman 2015) and to test modeled results against observations. Spatial mapping is a powerful tool for decisionmaking and highly relevant and commonplace in ecosystem services research. Although we focused exclusively on studies that quantified HES using spatially explicit methods for this reason, we recognize that nonspatial methods are also important for obtaining and communicating information at different stages of the policy process. For example, surveys that elicit willingness to pay can be used as part of a regional ecosystem services assessment to estimate the value placed on different services by a community.
Because our goal was to assess the state of peerreviewed HES science, we did not consider gray literature or other sources in this review. Nonetheless, many of these studies are likely influential in informing decisions because they engage local experts and have local leadership (Ruckelshaus et al. 2013) . ES practitioners and decision-makers may gain valuable insights from this body of knowledge.
Knowledge gaps
Using keywords we initially selected 560 articles that self-identified as ecosystem services research. Of the articles that were not rejected based on title or abstract, approximately 10% (14 out of 135) were excluded for the primary reason that they were not expressed in terms of a benefit to people. As noted by Cowling et al. (2008) and substantiated by Seppelt et al. (2011) , many ES assessments are not user-driven and are conducted irrespective of beneficiaries. To contribute to the consistency and substance of ES research, future HES studies should strive to clarify linkages between hydrological processes and benefits to humans. Although we were able to infer the primary motivation and operational phase of each study, details about connections to policy and management arenas were often lacking. For example, many case studies mentioned the relevance of their work for decision-making but did not explicitly comment on the decision processes or actors that would be involved. To facilitate future discourse and integration into decision-making, authors should discuss contexts where their analyses are most appropriate and likely to be informative. Scientists aiming to produce decision-relevant science will benefit from understanding links between their research and policy and management outcomes. Tailoring research to decision contexts using approaches that maintain desired levels of credibility, legitimacy, and saliency can increase the likelihood of achieving these aims (Game et al. 2015) .
The interplay between science and decision-making may be characterized by an analogy that describes the process in terms of a supply of and demand for scientific information. Sarewitz and Pielke (2007) consider scientists to be the suppliers of knowledge and information while demand is driven by actors who incorporate this information into their decisionmaking and argue that improved societal outcomes can be achieved by reconciling supply and demand. In conducting this review, we used three essential attributes of useful information to characterize how scientific information has been supplied in various contexts. To judge the usefulness in practice of different approaches, future research may investigate the demand side of the science-decision-making process by focusing on the information needs and preferences of decision-makers.
Despite the value of habitat supporting services (De Groot et al. 2012) , the benefits of these services were quantified in only one study. More research is needed to uncover the role of supporting services in the production of other services to strengthen economic accounting (Boyd & Krupnick 2009) and to inform ES management (Brauman et al. 2007) .
Quantifying ES requires sophisticated conceptualization and simplification of complex social and ecological processes. Flows of HES follow preferential pathways across the landscape according to topography and human infrastructure, making them amenable to tracking. This is a significant feature of HES because water quality and quantity and thus potential benefits vary in space and time. Despite having the ability to track these changes, we found that most case studies did not account for spatial dynamics, an oversimplification that could greatly bias estimates of HES benefits (e.g., overestimation of in situ benefits that results from neglecting upstream water diversions). Indeed, this simplification can lead to incorrect views that HES benefits are evenly distributed among different groups when in reality there may be clear differences expressed in terms of geography and/or segments of the population (Mandle et al. 2015) . In the future, continued development of methods to simulate the flow and modification of HES from source to use locations (Bagstad, Johnson, et al. 2013 ) on the landscape will greatly improve our understanding and management of these services.
Conclusion and recommendations
Globally, decision-makers increasingly make use of HES concepts and tools to address freshwater management issues (Guswa et al. 2014) . Our aims in this article were to firstly document the context for these decisions and secondly to understand how research methods align with key study dimensions. We found compelling evidence that much of the variability in the quantification of HES can be explained by research motivations and scoping, reflecting the decision-oriented framing of the ES concept. We also found associations between HES and particular methods, likely legacies of distinct research traditions. We detected generally low levels of validation. We also identified key knowledge gaps in the state of the science, including the need to differentiate ES assessments from biophysical assessments (i.e., to clarify linkages between hydrological processes and benefits to humans) as well as to clearly articulate target audiences and decision contexts.
The framing and contextualization we employed in our analysis (Table 1) offer several key advantages. Decision-makers can review studies conducted in similar contexts to learn how past approaches were used to inform those decisions. This information may be used to evaluate how standards for scientific research vary throughout stages of the policy process (e.g., assessment, planning, and management phases). Framing studies within such a classification can aid researchers, practitioners, and decision-makers in identifying goals, formulating relevant questions, and selecting informative approaches for quantifying HES. Likewise, a structured inquiry into the aims and scope of a given decision context can assist ES researchers in providing contextualized information most likely to be used by decision-makers. Ultimately, research efforts that strive to link science with policy processes by providing robust, meaningful, and interpretable information may have the greatest impact on decision-making (Rosenthal et al. 2015) .
To advance HES science, we offer to researchers the following suggestions to strengthen their contributions to the field of ES and their utility for decision-makers. For each suggestion, we additionally highlight salient case studies from our review that exemplify each of these practices.
(1) Increase publication of management-oriented studiesadvance the types of knowledge needed to inform on the ground decisionmaking in peer-reviewed as well as gray literature outlets. Having a robust scientific basis to guide local land use decisions can ultimately provide significant ecosystem service benefits because these decisions often take place in contexts that are supported by established decision pathways and strong stakeholder engagement (Cowling et al. 2008) . For example, developed an analytical framework to assess the costs and benefits of forest conservation for a proposed hydropower operation. They not only demonstrate how this information could be incorporated into the design for a payment for ecosystem services scheme in this particular management context but also describe how successful implementation of their framework to other proposed projects would require incorporating local knowledge as well as input from beneficiaries and watershed managers. (2) Identify beneficiaries -Explicitly identify the parties and geographies that benefit from each service. This will serve the dual purpose of clarifying relevant ES and will facilitate efforts to engage stakeholders. Disaggregating benefits among different groups will also increase the policy relevance and uptake of studies that serve heterogeneous populations. identified hydroelectric companies as beneficiaries and differentiated among two types of users each with characteristic needs, objectives, and management considerations.
To quantify the benefits that would ultimately be received by each user type under different watershed management scenarios, they tracked the flow of ecosystem services from source to use areas accounting for hydrologic features (i.e., dams, lakes, and water intakes) that would influence the benefits realized downstream.
(3) Provide context -Describe the study's motivations, scope of work, and explicit linkages to decision processes. Confer with stakeholders and decision-makers to evaluate preferred attributes (i.e., credibility, legitimacy, and saliency), research questions, and relevant scenarios. Indicate why particular methods were preferred (e.g., data requirements, technical expertise, and ease of interpretation). enumerated several important criteria for their study including the need to (a) consider water supply requirements communicated by stakeholders, (b) provide results at scales amenable to decision-making, and (c) maintain transparency by communicating uncertainty of their research. By adhering to these criteria, they conclude that their indicators 'are appropriate for use in decision-making processes involving stakeholders'. (4) Document methods, assumptions, and uncertainties transparently -Describe methods and data sources in sufficient detail to enable independent replication of analysis and include information on parameterization, scale, and transferability to other geographies. List key assumptions relating to the validity of the analysis and provide accuracy assessments to inform decision-makers with notable uncertainties. This practice is well demonstrated by who validated their hydrologic model and produced plausible range estimates for the results of their economic model using a sensitivity analysis. In addition, they listed a number of key assumptions behind their modeling approach along with their implications. thank three anonymous reviewers for their contributions to this manuscript.
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